**************** 



^ tOTH: 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 



Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live" 



Jawaharlal Nehru 
"Step Out From the Old to the New" 



IS 4486 (1967) : Recommended methods for the determination 
of the permittivity and dielectric dissipation factor of 
electrical insulating materials at power, audio and radio 
frequencies including metre wavelengths [ETD 2 : Solid 
Electrical Insulating Materials and Insulation Systems] 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 




Bhartrhari — Nitisatakam 
"Knowledge is such a treasure which cannot be stolen" 





BLANK PAGE 




^*-:gv 




^^35^* 



PROTECTED BY COPYRIGHT 



Indian Standard 



15 :44a$- 19«7 

( Reaffirmed 2004 ) 



RECOMMENDED METHODS FOR THB 
DETERMINATION Oh THE PHRMITTIVITY 

AND DIELECTRIC DISSIPATION J ACTOR 

OF ELECTRICAL INSULATING MATERIALS 

AT POWER, AUf>10 AND RADIO FREQUENCIES 

INCLUDING METRE WAVELENGTHS 

(Second Rcprml MARCH 1984) 



UDC 621-315 61 : 521'3I7 335 5 




® Copyright 1968 

INDIAN STANDARDS iNSTilUlION 

MAC4AK BIJAVAN. 9 flAHADlJR SHAH iAFAR MAftO 

NEW DELHI JIOD02 

Gr N April J 96ft 



IS: 4486- 1967 

Indian Standard 

RECOMMEN.DED METHODS FOR THE 

DETERMINATION OF' THE PERMITTIVITY 

AND DIELECTRIC DISSIPATION FACTOR 

OF ELECTRICAL INSULATING MATERIALS 

AT POWER, AUDIO AND RADIO FREQUENCIES 

INCLUDING METRE WAVELENGTHS 



Insulating Materials Sectional Committee, ETDC 18 



Chairman 
Shrj a. p. Seethapathy 

M embers 

Shki L. C. Jain (Alternate to 
Shri A. P. Seethapathy ) 
Shri V. Balasubramanian 

Shri V. D. Erande (Alternate 
Shri G. C. Bhattacharya 



Representing 
Central Water & Power Commission ( Power Wing) 



Hindustan Brown Boveri Ltd, Bombay 
Heavy Elcctricals ( India ) Ltd, Bhopal 



Shri P. S. Bhandarkar (Alternate 
Shri K. Doraiswamy Dr Beck & Co ( India) Ltd, Poona 

Shri S. B. Bapat ( Alternate) 
SHRI S.N.GANDHI Pcrmali Wallace Ltd, BhopaJ 

Shri C. C. Sakarda ( Alternate) 



d r h. v. gopalakrishna 
Shri D. T. Gursahani 

Shri S. G. Parange (Alternate 
Shri Harnam Singh 

Shri S. K. Mani ( A I tern ate ) 

Shri S. J. Hasan 

Shri Y. V.Chittal (Alternate 
Shri p. N. Hiriyannaiah 



Indian Institute of Science, Bangalore 
Directorate General of Supplies &DispoMls, 
Ministry of Works, Housing and Supply 

Directorate General of Inspection, Ministry of 
Defence 

Bakclite ( India) Pvt Ltd, Bombay 



Indian Electrical Manufacturers' Association, 
Calcutta; and Kirloskar Electric Co Ltd, 
Bangalore 
Shri B. G. Bhakay ( Alternate ) Indian Electrical Manufacturers' Association, 

Calcutta 
DrB. N. Jayasam ( Alternate ) Kirloskar Electric Co Ltd, Bangalore 
Shri A.S. Lakshmanan Senapathy Whiteley Pvt Ltd, Bangalore 

Shri B. A. Govindaraj (Alternate) 
Shri M. S. Mahadbvappa NGEF Ltd, Bangalore 

Shri T. Appaswamy (A I tern ate) 

( Continued on ptigii] 



INDIAN STANDARDS INSTITUTION 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARC? 
NLW DfclHI 110002 



IS 14486 -1967 

( Cuainued from page I ) 

Members Representing 

Shri S. N . MincERji National Test House, Calcutta 

SrriS. K. Mukherjee ( A/teraaie } 
Shri A. N . NiMKAR J yoti Limited, Baroda 

Shri p. L. Pradhan (Alternate ) 
Shri P . F . Parikh Hindustan Transmission Products, Bombay 

Shri R . P . G upta ( Alternate ) 
Shri R. K. Tandan National Physical Laboratory ( CSIR ), New Delhi 

Shri J. s. Zavsri Bharat Bijlee Ltd, Bombay 

ShriC. E. BhaskarRao ( Alternate ) 
Shri Y. S. Venkateswaran, D I rector G eneral, ISI ( Ex-officio Member) 

Director ( Elec tech ) ( Secretary ) 



IS: 4486-1967 

Indian Standard 

RECOMMENDED METHODS FOR THE 

DETERMINATION OF THE PERMITTIVITY 

AND DIELECTRIC DISSIPATION FACTOR 

OF ELECTRICAL INSULATING MATERIALS 

AT POWER, AUDIO AND RADIO FREQUENCIES 

INCLUDING METRE WAVELENGTHS 

0. FOREWORD 

. 1 This Indian Standard was adopted by the Indian Standards Institution 
on 25 November 1967, after the draft finalized by the Insulating Materials 
Sectional Committee had been approved by the Electrotechnical Division 
Council. 

0.2 Insulating materials, solid as well as liquid, are used in general in two 
distinct ways : 

a) to support components of an electrical network and insulate them 
from each other and from ground, and 

b) as dielectric of a capacitor. 

Especially when used for the function (b), it is important to know the 
properties, such as permittivity, dielectric dissipation factor, loss angle, etc. 

0.3 This standard specifies different methods to measure these properties. 
These methods are suitable within different frequency limits. However, 
some of these methods may be used with special precautions for measure- 
ments at frequencies considerably lower or higher than the given limits. 

0.4 In some cases, tests at voltages exceeding 1 000 V may introduce effects 
not related to permittivity and dielectric dissipation factor and are not 
included in this standard. 

0.5 This standard is based on the lEC Doc:I5( Central Office )38 'Re- 
commended Methods for the Determination of the Permittivity and Dielec- 
tric Dissipation Factor of Electrical Insulating Materials at Power, Audio 
and Radio Frequencies Including Metre Wavelengths' prepared by Inter- 
national Electrotechnical Commission. 

0.6 In reporting the result of a test made-in accordance with this standard, 
if the final value, observed or calculated, is to be rounded off, it shall be done 
in accordance with IS : 2-1960* 



*Rules for rounding off numerical values (refised). 
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1. SCOPE 

1.1 This standard covers test methods for determination of permittivity 
and dissipation factor and of quantities calculated from them, such as 
loss index within the frequency range of 50 c/s to 300 Mc/s, of electrical 
insulating materials-liquid, fusible as well as solid materials. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall apply. 

2.1 Relative Permittivity ( e, ) — It is the ratio of capacitance C, of a 
capacitor in which the space between and around the electrodes is entirely 
and exclusively filled with the insulating material in question to the capaci- 
tance Cf of the same configuration of electrodes in vacuum: 

" = -|- ™ 

The relative permittivity e^ of dry air free from carbon dioxide, 
at normal atmospheric pressure equals l-OOO 53, so that in practice the 
capacitance C^ of the configuration of electrodes in air may normally be 
used instead of C^ to determine the relative permittivity z^ with sufficient 
accuracy. 

Jhe permittivity of an insulating material in a measurement system is 
the product of its relative permittivity e, and the electric constant ( or 
permittivity of vacuum )eo in that measurement system. 

In the SI system, the absolute permittivity is expressed in farad per 
metre ( F/ m ); furthermore, in the rationalized SI system, the electric cons- 
tant e„ has the foil owing value: 

e„ = 8-854-10-" F/m « --3g^xlO-» F/ m (2) 

For the purpose of this standard where picofarads and centimetres are 
used in calculating capacitance, the electric constant is s, =0-088 54 pF/ cm. 

2.2 Dielectric Loss Angle ( 8 ) — It is the angle by which the phase 
difierence between applio:! voltage and resulting, current deviates from 
t;/2 radian, when the dielectric of the capacitor consists exclusively of the 
insulating material. 

2.3 Dielectric Dissipation Factor ( tan 5) — It is the tangent of the 
loss angle 8. 

2.4 Loss Index ( e% ) — It is equal to the product of its dissipation factor, 
tan S, and its relative permittivity, v 
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2.5 Relative Complex Permittivity ( e^ ) 

the relative permittivity and loss index. 



It is derived by combining 



-js 



e r = K- 



...(3) 
..*.(4) 



Sr being the relative permittivity defined in 2.1. 
sV = sr tan S (5) 

6", 



tan S=- 



NOTE — A capacitor with losses may be represented at any given frequency either by 
capacitance C, and resistance R^ in series or by capacitance Cp and resistance Rp ( or 
conductance Gj, ) in parallel. 

While the parallel representation of an insulating material having a 
dielectric loss is usually the more proper representation, it is always possible 
and occasionally desirable to represent a capacitor at a single frequency by 
a capacitance C, in series with a resistance R,. 

The dielectric dissipation factor tan 8 is the same for the series and 
paral I el representati ons. 

The calculations given in this standard assume that measurements 
are made with a current having a sinusoidal wave shape and a frequency /. 
The diagram of equivalent parallel circuit and equivalent series circuit is 
given in Fig. 1. 



EQUIVALENT PARALLEL CIRCUIT 
Rp 




EQUIVALENT SERIES CIRCUIT 



^h^ID— 

Cs Rs 



Fig . 1 Equivalent Parallel Circuit AND EQUIVALENT 

Series Circuit 



tanS = 



(aCp Rp 



toC- 



tan8 = wC, R, 



.(7) 
■■(a) 



Between the series components and the parallel components the follow- 
ing relations hold: 
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*.- Mt"-*. ™ 

wC, R, = ^ i, - (11) 

In equation 7, normally tan^8 is very small compared to 1, If tan* S 
cannot be ignored, tine parallel rapacitance shall be evaluated and this value 
used for calculating the permittivity. 

3. FACTORS WHICH INFLUENCE THE DIELECTRIC PROPERTIES 

3.1 Frequency, temperature, field strength and impurities such as moisture, 
have considerable influence on the dielectric properties as described below. 

3.1.1 Frequency-- Only a few materials, sucli as fused silica, polystyrene, 
or polyethylene, have eV and tan S substantially constant over the wide 
frequency range through which dielectric materials are used for technical 
purposes, it is necessary to measure the loss angle and the permittivity at 
those frequencies at which the dielectric material is to be used. 

Changes in permittivity and in dissipation factor are produced by the 
dielectric polarization and conductivity. The most important changes are 
caused by dipole polarization due to polar molecules and interfacial polariza- 
tion caused by inhomogeneities in the material. 

3.1,2 Temperature — Theloss index may show a maximum at afrequency 
which depends upon the temperature of the dielectric material. The 
temperature coefficients of dissipation factor and permittivity may be positive 
or negative depending on the position of the loss index maximum with respect 
to the measuring temperature. 

3.1.3 Moisture — The degree of polarization is increased by absorption of 
water or by the formation of a water film on the surface of the dielectric 
material, thus raising the permittivity, the dissipation factor and the dc 
conductivity. Conditioning of test specimens is, therefore, of decisive im- 
portance and control of the moisture content, both before and during testing, 
is imperative if test results are to be interpreted correctly. 

Note -The gross effects of humidity usually occur at frequencies below approxi- 
mately IMc/s and in the microwave frequency region. 

3.1.4 Field Strength — When interfacial polarization exists the number of 
free ions increases with the field strength, and the magnitude and the position 
of the loss index maximum is altered. 

At higher frequencies, permittivity and dissipation factor are inde- 
pendent of the field strength so long as no ionization or corona occurs in 
voids in the dielectric. 
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4. SPECIMEN FOR SOLID MATERIALS 

4.1 Specimens for solid material may be available in two forms: 

a) Sheet sped men, and 

b) Cylindrical tubular form. 

For determining permittivity and dissipation factor sheet specimens 
arepreferable. The influence of various dimensions on determination of 
these factors is discussed in 5. 

Note — If the material is not in the forms (a) or (b) it should be reduced to one of 
these forms as far as practicable for the purpose of testing. 

5. EFFECT OF THE SPECIMEN DIM ENSIONS ON TH E MEASURED 
DIELECTRIC PROPERTIES 

5.1 Permittivity — When high accuracy is needed in measuring permit- 
tivity, the source of the greatest uncertainty is the dimensions of the specimen, 
thickness in particular and the area. 

5.1.1 Thickness — The thickness should be large enough to allow its 
measurement with the required accuracy. The choice of thickness depends 
on the method of producing the specimen and the likely variation in thickness 
from point to point For one percent accuracy, 1*5 mm is usually enough, 
although for greater accuracy it may be desirable to use a thicker specimen, 
for example, 6 to 12 mm. 

5.1.1.1 The thickness shall be determined by measurements distributed 
systematically over the area of the specimen which is used in the electrical 
measurement, and should be uniform to within ± 1 percent of the average 
thickness. When the specimen electrodes extend to the edge of the speci- 
men, the thickness may be determined by weighing, if the density of the 
material is known. 

5.1.2 Area-The area chosen for the specimen should be such as to 
provide a specimen capacitance which may be measured to the desired 
accuracy. With well guarded and screened apparatus there need be no 
difficulty in measuring capacitances of 10 pF. Much existing apparatus, 
however, is limited in resolution to about one pF and then the specimen 
will need to be thin and of adiimeterof 10 cm or more. 

5.2 Dissipation Factor-W hen small values of dissipation factor are being 
measured, it is essential that the loss introduced by the series resistance 
of the leads be as -small as possible, that is, the product of the resistance 
and the capacitance being measured should be as small as possible. Also, the 
ratio of the measured capacitance to the total capacitance should be as large 
as possible. The first point indicates a, need for keeping the lead resistances 
as low as possible and the desirability of having a small specimen capacitance. 
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The second point indicates the need for low total capacitance in the arm of 
the bridge to which the specimen is connected and the desirability of having 
a large specimen capacitance Probably the best compromise is a specimen 
having a capacitance of about 20 pF, used with a measuring circuit which 
does not connect more than about 5 pF in parallel with the specimen. 

6.ELECTR0DE SYSTEMS ON THE SOLID SPECIMEN 

6.1 Two types of electrode systems may be used on the solid specimen: 

a) Electrodes applied to the specimen, and 

b) Electrodes not applied directly on the specimen. 

6.1.1 Electrodes Applied to the Specimen — Electrodes of any one of the 
materials listed in 6.1.1.2 is applied to the surface of the specimen. When 
a guard ring is not used and when there is difficulty in locating electrodes 
accurately opposite one another on the two faces of the speci men, one elec- 
trode should be larger than the other. The specimen with its own electrodes 
shall then be mounted between metal backing electrodes,these being slightly 
smaller than the specimen electrodes. The equations for computing the 
capacitance of different arrangements of disk-shaped or cylindrical electrodes 
as well as empirical equations for computing the approximate edge capaci- 
tances for this condition are given in Appendix A. These equations hold 
only for a restricted range of shapes of specimens. 

6.1.1.1 For measuremeut of dissipation factor, electrodes of this type, 
are unsatisfactory at high frequencies unless the surfaces of the specimen 
and the metal plates are very flat ( see 5.1.1.1 ). The electrode system of 
Fig. 2alsorequiresspecimensto beof uniformthickness. (Thesystem in 
Fig. 2 also provides a built-in vernier capacitor for use in the reactance- 
variation method of measurement. ) 

6.1.1.2 Electrode materials 

a) M etal foil electrodes -- Metal foil electrodes may be applied to the 
specimen by using the smallest possible quantity of silicon 
grease or of any other suitable low-loss adhesive. The metal foil 
may be of: 

1) pure tin or lead or an alloy of these metals, of thickness up to 

100 microns; and 

2) aluminium or gold of thickness 25 microns or less. Aluminium 
foils however are liable to form an electrically insulating oxide 
film which may influence the measuring results. 

b) Fired-on metal electrodes — Metal films may befired on glass, mica 
and ceramics and are suitable for tests on these materials. Silver 
is commonly used, but migrates under a potential difference at 
high temperatures or high humidities. Gold is preferable. 

8 
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MICROMETER HEAD 



METAL BELLOWS CONNECTING 
TO AN ADJUSTABLE ELECTRODE(e) 



SPACE FOR SPECIMEN 
CAPACITOR {M|) 




MICROMETER MEAD 



■A ^-VERNIER CAPACITOR M, 



to the detector 
Fig. 2 Micrometer Capacitor Assembly for Solid Dielectrics 

c) Electrodes produced by spraying metal — Zinc or copper electrodes 
may be sprayed on to the specimen. They conform readily to a 
rough surface. They may be applied even to cloth since they do 
not penetrate very small holes. 

d) Metal electrodes applied by calhodic evaporation or evaporation in high 

vacuum — These procedures may be used if the resultant stresses 
neither change nor damage the insulating material, and if the 
material does not emit excessive gas when subjected to vacuum. 
The edges of any such electrodes shall be sharply defined. 
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e) Mercury and other liquid metal electrodes — These may be used by 

clamping the specimen between suitable hoi low blocks and filling 
with liquid metal which is clean. Mercury should not be used 
at high temperatures, and precautions should betaken even when 
using it at room temperature, as its vapour is toxic. 

Woods metal or other low-melting alloy may be used in a similar 
manner. These alloys frequently contain cadmium which, like 
mercury, is a toxic element. These alloys should be used above 
100°C only in a well -ventilated room or preferably in a hood and 
the staff told of the possible health hazards. 

f) Conducting paint — Certain types of high-conductivity silver paints, 
either air-drying or low-temperature-baking varieties, are com- 
mercially availableforuseas electrode material. They are suffi- 
ciently porous to permit diffusion of moisture through them and 
thereby allow the test specimen to condition after application' of the 
electrodes. This is particularly useful in studying humidity effects. 
The paint has the disadvantage of not being ready for use imme- 
diately after application. It usually requires on overnight air- 
drying or low -temperature baking to remove all traces of solvent, 
which otherwise may increase both permittivity and dissipation 
factor. 

The edges of any such electrodes shall be sharply defined; this 
may bedifficult when the'paint is brushed on, but this limitation 
may usually be overcome by spraying the paint and employing 
either clamp-on or pressure-sensitive- masks. The conductivity 
of silver paint electrodes may be low enough to give trouble at the 
highest frequencies. 

It is essential that the solvent of the paint has not permanent 
effcf t on the speci men. 

g) Graphite — praphite is not recommended but may sometimes be 

used, especially at lower frequencies. Its resistance may cause an 
appreciable increase in loss angle and if it is applied from a sus- 
pension in a liquid it may penetrate the speci men. 

6.1.2 Electrodes jVof Applied Directly on the Specimen — Specimens of suffi- 
ciently low surface conductivity may be tested without applied electrodes 
by inserting them in an electrode system in which there is an intentional 
gap, occupied by air or liquid, on one or both sides of the specimen. The 
cq-aations for computing the capacitances of arrangements of plane or cylin- 
drical electrodes are given in Appendix B. 

The test specimen should be a disk having the same diameter as the 
cell electrodes, or for micrometer electrodes, the specimen may be suffi- 
ciently smal ler to render edge effects negl igi ble. To make the edge effects 
negligible in the micrometer electodes, the specimen diameter should be 

10 
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smalla" than that of the micrometer electrodes by at least twice the thickness 
of the specimen. 

Equations for these special cases are given in Appendix B. 

With this system, two forms of apparatus are recommended: 

a) With micrometer-controlled parallel electrodes — This equipment is 
normally used while making measurements in air. The capacitance 
may be adjusted to the same value with and without the specimen 
inserted, and the permittivity determined without reference to the 
electrical calibration of the measuring system. 

A guard electrode may be included in the electrode system. 

b) Fluid displacement method — In a liquid whose permittivity is nearly 
equal to that of the specimen and whose dissipation factor is 
negligible, the measurement depends less critically than usual on 
exact knowledge of the thickness of the specimen. By using two 
fluids in turn, the thickness of the specimen and the dimensions of 
the electrode system may be eliminated from the equations. 

6.2 Elimination of Edge Effects in the Electrode Systems — To avoid 
errors in permittivity caused by edge effects, the electrode system may in- 
dudeaguard electrode. If so, its width should beat least twice the thickness 
of the specimen, and the gap between it and the main electrode should be 
small compared with the thickness of the specimen. If guard rings cannot be 
used, a correction shall be made for edge capacitance ( see Appendix A). 
These equations are empirical and hold for only a restricted range of shapes 
of specimen. 

6.2.1 Alternatively, the edge capacitance may be found from measure- 
ments both with and without a guard ring at some frequency at which this is 
convenient; the edge capacitance so found shall be sufficiently accurate 
for use as a correction at other frequencies and temperatures. 

6.3 Choice Between the Two Types of Electrode Systems 

6.3.1 The two important considerations are: 
a) For sheet specimens 

1) Ease of working — Working without applied electrodes is quick 
and convenient, and avoids uncertainty about the effectiveness 
of the contact between electrodes and specimen. 

2) The proportional error in permittivity 

II 
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resulting irom an error 



k 

in the measurement of tlnicl<ness h is given by 



h 



.(12) 



if electrodes are applied to the specimen, but if the specimen 
is placed between fixed electrodes it is given by: 



r^=(^-v)- 



h 

when tf is the permittivity of the fluid in which the specimen is 
immersed, being unity for the measurement in air.: 

i) For non-porous materials having permittivities above about 
10, deposited metal electrodes should be used. For such 
materials the electrodes should cover the whole surfaces 
of the specimen, and no guard electrode is necessary. 

ii) For materials having permittivities between about 3 and 10 the 
electrodes allowing the best accuracy are foils, mercury or 
deposited metal, and they shall be chosen to suit the properties 
of the material. 

ill) But if sufficient accuracy may be obtained in the measurement 
of thickness, the method with no electrodes applied to the 
specimen may be preferred for convenience. 

iv) The liquid-immersion method is excellent if suitable liquids 
exist and their permittivities are known or may be determined 
with sufficient accuracy. 

6.3.2 For Cylindrical Tubular Specimens — The most appropriate electrode 
system for a tube specimen shall depend on its permittivity, wall thickness, 
diameter and the accuracy of measurement required. In general, the 
electrode system should consist of an inner electrode and a somewhat 
narrower outer electrode, with a guard electrode at each end. The gap 
between the outer and guard electrodes should be small compared with the 
thickness of the tubewall. For tube specimens of small and mediumdiame- 
ters, three bands of foi I or deposited metal may be appi led to the outside of 
the tube, the centre foil serving as the working outer electrode with the two 
bands of foil or deposited metal, one on each side, serving as guard electrodes. 
Inner electrodes of mercury, deposited metal film, or a tightly fitting mandrel 
may be used. 

For tube specimens of high permittivity, the inner and outer electrodes 
may extend the complete length of the tube and the guard electrodes 
dispensed with. 

12 
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For tubes or cylinders of large diameter the electrode system may be 
either circular or rectangular patch, a portion only of the tube periphery 
being tested. Such specimens may be considered as sheet specimens. 
Inner electrodes of metal foil, deposited metal film or a tightly fitting mandrel 
are employed with outer and guard electrodes of metal foil, or deposited 
metal. A flexible, expanding clamp may be necessary inside the tube to 
ensure satisfactory contact between the inner electrode and the specimen 
if a foil electode is used. 

a) For very accurate measurements a system with no electrodes applied 
to the specimen may be used provided sufficient accuracy may be 
obtained in the measurement of thickness. 

b) For tube specimens having permittivities, e^, up to 10, the most 
convenient electrodes are foils, mercury or deposited metal. 

c) For tube specimens having permittivities, c„ above 10, deposited 
metal electrodes should be used for ceramic tubes. The electrodes 
may be applied to the complete circumference of the tube as bands 
or to only a portion of the circumference. 

7. TESTING CELLS FOR LIQUID MATERIALS 

7.1 Design of Cells — The essential features of an electrode system for 
testing liquids having low loss are that it may easily be cleaned, reassembled 
if necessary, and filled withoutdisturbing the relative positions of the elec- 
trodes. 

7.1.1 Other desirable features are: 

a) It should need only a small amount of liquid, 

b) Its temperature should be easily controllable, 

c) The terminals and connections should be adequately screened, and 

d) The insulating supports for the electrodes should not be immersed 

in the liquid. 

Furthermore, the cell should not contain too short creepage distances 
and sharp edges which otherwise could influence the measuring accuracy. 

Details of cells meeting the above requirements are given in Fig. 3 to 5. 
The electrodes are of stainless steel and the insulation of borosilicateglass 
( pyrex ) or fused quartz. 

As some liquids, for example, chlorides, reveal some significant de- 
pendence of the dielectric dissipation factor on the electrode material, 
electrodes made of stainless steel are not appropriate in all cases. Much 
more stable results sometimes have been obtained working with electrodes 
made of aluminium and duraluminium. 

13 
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•90 



^ 



SCREW 
THREAD 



T 
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-7»<^ 




■LIFTING HANDLE 
-GUARD RING 



-500- 



-PYREX OR 
QUARTZ 
WASHER 



4AX OIL 
LEVEL 




LfFTING 
HANDLE 



INNER ELECTRODE 
-OUTER ELECTRODE 



All dimensions in millimetres. 

Fro. 3 Example of a Three-Terminal Cellpor 
Measurements on Liquids 

79 Preparation of Cells ~ The cell should be cleaned with one or more 
appropriate solvents or a succession of solvents which have previously been 
checked to ensure that they do not contain unstable compounds, either by 
chemical tests for purity or by ascertaining that they lead to correct results 
on a sample liquid of known low permittivity and dielectric dissipation fac- 
tor. When cells are used for testing some types of insulating fluids, it may be 
necessary to clean the electrode surfaces of the cell with a mildly abrasive 
detergent and water as the use of solvents alone does not always result in the 
removal of contamination products. If a series of solvents is used, it should 
end with the use of analytical grade petroleum ether with a maximum 
boiling point less than 100°C or, alternatively, with any solvent, the use of 
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THERMOMETER 
POCKE'T 



INSULATOR 




150 



( Quantity of liquid required to fill cell 15 ml approx. ) 

All dimensions in millimetres. 

Fig. 4 Example of aTwo-Terminal Cell for 
Measurements ON Liouids 

which has been shown to result in the correct values being obtained for a 
liquid of known low permittivity and dielectric dissipation factor and 
chemically similar to the liquid to be tested. The technique described below 
is recommended. 

7.2.1 The cell should bedismantled completely and all parts thoroughly 
cleaned with the chosen solvents either by a reflux procedure or repeated 
washings with agitation in a fresh solvent. All parts should be shaken free 
of solvent and placed in an uncontaminated oven at approximately 110 deg 
for 30 minutes. 

The parts should be allowed to cool to a few degrees above room 
temperature and then reassembled, The cell should then be filled with 

15 
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THERMOMETER HOLE 

1mm METAL PLATE 




QUARTZ 



THERMOMETER HOLE^ -1 OR 2 mm GAP 

Fig. 5 Two-Terminal Cell with Plane Electrodes 
FOR Measurements on Liquids 

some of the liquid to be measured, allowed to stand for a few minutes, 
emptied and refilled. The supporting insulation should not be wetted by 
the liquid. 

Note — During routine testing oils of the same quality the cleaning procedure 
described above niay be replaced by merelv rubbing the cell after each test with a dry 
paper which leaves no wast**. 

7.2.1 .1 At all stages the parts should be manipulated with clean hooks or 
tongs so that no effective internal surfaces are touched with the hands. 

7,2.2 Appropriate precautions against fire and toxic effects on personnel 
shall be observed when using solvents, like benzene, carbon tetrachloride, 
toluene and xylene which are particularly toxic. Further, chlorinated sol- 
vents are subject to decomposition by light. 



8. CALIBRATION OF CELLS 

8.1 When high accuracy in determining the dielectric permittivity of liquid 
dielectrics is needed, the ' electrode constant ' should be determined preli- 
minarily by means of a calibration liquid of known relative permittivity, 
for example, benzene. 

The ' electrode constant ' Cj is determined by the formula 

C, = AZL^ (14) 
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where 

C„ = the capacitance of electrode arrangement filled with the 

calibration liquid; 
Cf, = the capacitance of electrode arrangement, in air; and 
s„ = the relative permittivity of the calibration liquid. 

The difference of values C^ and Cg gives the correction capacitance 

C,^C,~C, (15) 

which is taken into account while calculating the relative permittivity c^ of 
the unknown liquid according to 






.(16) 



■'c 

where 

C/c --= the capacitance of electrode arrangement filled with 
the liquid to be tested. 

Maximum accuracy in tg is obtained if values Cf,C„ and C, are 
determined at that temperature for which the value s„ is known. 

The application of the described method ensures sufficientiy accurate 
results to be obtained in determining the relative permittivity of liquid 
dielectrics, as it eliminates errors made either because of parasitic capacitan- 
ces or of inaccurate measurement of the value of the gap between the 
electrodes. 

9.CH0ICE OF METHODS FOR MEASURING CAPACITANCE 
AND ac LOSS 

9.0 Methods for measuring capacitance and ac loss may be divided into two 
groups: 

aj Null methods, and 
b) Resonance methods. 

9.1 Null M ethods — are used at frequencies up to about 50 Mc/s. For 
measurements of permittivity and loss angle, substitution techniques are 
used, that is, the bridge is balanced by adjustment mainly in one arm ofthe 
network, both with and without the specimen connected. The networks 
normally used are: 

a) Schering bridge; 

b) the transformer bridge ( that is, a bridge with ratio arms coupled 
by mutual inductance ). The transformer bridge has the advan- 
tage of allowing the use of a guard electrode without any additional 
components or operations. It has no disadvantages in comparison 
with the other networks: and 

c) the parallel-T. 
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9.2 Resonance Methods — may., be used in the range 10 kc/s to several 
hund.red Mc Is. They are invariably substitution methods. The method 
commonly used is that of reactance-variation, They cannot easily be 
adapted for use with guard electrodes. 

9.3 Examples of typical bridges and circuits are given in Appendix C. 

NarE -This enumeration^ may by no means be complete. Further information 

describing tbe bridges and ihe memoas for making the measurements may be found in 

the literature and also in pamphlets of the firms producing such apparatus. 

9.4 Below are given frequency range over which the methods may be em- 
ployed: 



SI 

NO. 


Mettiod 


Recommended Range 
o/ Frequency 


Form of 
Specimen 


1. 

2. 
3. 

4. 
5. 


Schering bridge 
Transformer bridge 
Parallel-T networks 
Resonant-rise method 
Susceptance-varlatlon 
method 


Uptoabout50Mc/s 
15 c/s to50 Mc/s 
50kc/sto30Mc/s 
Up to 260 Mc/s 
10 kc/s to 100 Mc/s 


Sheet or tube 
Sheet or tube 
Sheet or tube 
Sheet or tube 
Sheet or tube 



10. TESTING PROCEDURE 

10.1 Preparation of Specimens — The specimen shall be cut from the 
solid material or prepared by an appropriately standardized technique in 
order to obtain a determined initial condition. 

Thd subsequent measurement of thickness shall be made accurately 
with a tolerance of i ( 0-2 percent + 0.005 mm ). The measuring points 
shall be distributed uniformly over the surface of the specimen. The effective 
area is also determined if necessary. 

10.2 Conditioning — The specimen should be conditioned in accordance 
with IS; 2260-1963*. 

103 iMeasurement — Electrical measurements are made in accordance 
with the method employed. At frequencies of 1 Mc/s or more, care shall be 
taken that the inductance of connecting leads does not influence the results. 

11. RESULTS 

11.1 Relative Ptrmittivity e^ — The relative permittivity e^ of a 
specimen provided with its own electrodes is calculated according to 



^Recommendations for the conditioning wd testing of electrical Insulating materials. 
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equation (1). As the measured capacitance C, of a specimen witliout guard 
rings contains a small amount of edge capacitance C«, the relative permittivity 
is 

Zr - ' " \ (17) 

whereCoandC«maybecalculated from Appendix A. If necessary, 
corrections should be made similarly For capacitance of the specimen 
to earth, capacitance between switch contacts and the difference 
between equivalent series and parallel capacitances. 

Relative permittivity of specimens measured between micrometer 
electrodes or between non-contacting electrodes is calculated according to 
the appropriate equations of Appendix B. 

11.2 Dielectric Dissipation Factor tan $ — The dielectric dissipation 
factor, tan 8 shall be calculated from the measured values in accordance 
with the equations given for the particular measuring arrangement used. 

11.3 Accuracy which may be expected from various methods is given in 
Appendix D. 

II.4Test Report — In the test report the following information shall be 
given when relevant: 

a) Type and designation of the insulating material as well as the form 
in which it is delivered. 

)}) Method of sampling, shape, dimensions of the test specimen and 
date of sampling ( statements on the specimen thickness and, 
if necessary, exact information on the treatment of the specimens 
at 'the contact areas of the electrodes are important ). 

c) Method and duration of conditioning the specimens. 

d) Electrode arrangement and type of adherent electrode, if used. 

e) Measuring apparatus. 

f) Temperature and relative humidity during the test and tempera- 
ture of specimen. 

g) Applied voltage. 

h) Applied frequency... 

j) Relative permittivity s,. ( average value ). 

k) Dielectric dissipation factor tan $ ( average value ). 

m) Date of test. 

11.4.1 Values of relative permittivity and dielectric dissipation factor 
and the values calculated from them as loss index and loss angle shall be 
given if necessary, in relation to temperature and frequency. Not all are 
necessary or even appropriate in all cases. 
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APPENDIX A 

(Clauses 6.1.1, 6.2, 11.1 and D-l.l) 

CALCULATION OF VACUUM CAPACITANCE AND EDGE 
CORRECTIONS ATTACHED OR APPLIED ELECTRODES 



Types of Electrodes 


Direct Inter- 


Corrections for 




ELECTRODE 


Edge Capacitance 




Capacitance 


U nits: pF AND cm 




UNITS: 






pF AND c m 




(1) 


(2) 


(3) 



1. Disk electrodes with guard ring. 



-SPECIMEN 

g— |[-^d,-<-j 




C,=s„-^ 



=0-088 54. 



A=-j(rfi-f."r- 



a=o 



2. Disl< electrodes without guard ring. 



a) Diameter of the dec 
trodes = diameter of 
the specimen 



■SPECIMEN 



«eQ«i9SS«i!Si$!$!iSSS! 



-J 



'4^ 



b) Equal electrodes 
smaller than the 
specimen 



•SPECIMEN 



|*d,^ 



^^^^^z^ 



il 



T 









= 0'069 54 -^ 
n 



when a<h 



=0-029-0-058 log h 



P ^ndi 



-^=0-019 ej-0-058 

log A -f 0-010 
P =r.di 

where s, is an approxi- 
mate value of the 
specimen relative 
permittivity, and 
a<k 
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Direct Inter- 

ELECTRODE 
Capacitance 

Units; 

pF AMD c m 

(2) 



lorrec i ions for 
Ewe Capacitance 
U nits: pF AND cm 

(3) 



Types OF ElecTrodes 



ill 



c) Unequal electrodes 



Cff —^o'-J. fj 



rSPECIMEN 




= 0.069 54 



7t d^ 
h 



^Zf 



T 



-^ =0-041 Si-0-077 
log h + 0-045 

P =7trfi 

where e, is an approxi- 
mate value of tine 
specimen relative 
permittivity, and 



3. Cylindrical electrodes with guard ring. 



■SPECIMEN 




k I. -II— 9 






=0-2416 



ih+g) 



log dojdi 



C.=0 



4. Cylindricai electrodes without guard" rfng. 



-SPECIMEN 



^^^^^ 



T 



^^^^^_1. 

k.,-4 



C<(, — So- 



=0-2416 



2^li 
l„ dijdi 
if 



If 



C. 



h + d. 



< 



10 



log d,ld, P 



'-=0-019 si-0-058 



log/j +0.010 

P =r.{d, + h) 

where Sj is an approxi- 
mate value of the 
speci men relative 
permittivity 



Relative permittivity of specimen: 



C',-C, 



where 

Q' = measured capacitance between electrodes, 
/„ = natural logarithms, and 
log =- common logarithm. 
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APPENDIX B 

( Clauses 6.1.2, 11 .1 and C-6.2.2 ) 



S 



CALCULATION OF SPECIMEN CAPACITANCE OF CONTACTING MICROMETER 

ELECTRODES AND RELATIVE PERMITTIVITY AND DISSIPATION 

FACTOR OF NON-CONTACTING ELECTRODES 



I 



B-l. CALCULATION OF SPECIMEN CAPACITANCE OF CONTACTING MICROMETER 
ELECTRODES 



Specimen Capacitance 




Remarks 


Definition of Symbols 


- (I) 




(2) 


(3) 


1) Substitution of the specimen 
parallel. 


capacitance by a standard capacitor in 


Cp= parallel Capacitance 
of the specimen 

AC'=increase o f the 
capacitance of the 
standard capacitors 
as to restore balance 
after removal of the 
specimen 

CV=caIibration capaci- 
tance of the micro 
meter electrodes a 


C, = AC - C, + C„ 




Specimen diameter is less than the 
micrometer electrode diameter by 
at least 2 r. The true thickness 
t and area A of the specimen 
shall be used in calculating the 
permittivity. 








spacing r 



2) Substitution of the specimen capacitance by lowering tine spacing of the 
micrometer electrodes after removal' of the specimen. 



C,-~Cf-{- C„ 



IsS 
W 



Specimen diameter is less than the 
micrometer electrodes diameter by 
at least 2 r. The true thickness 
t and area A -of the specimen 
shall be used in calculating the 
permittivity. 



3) The double calculation of the air capacitance may be avoided with only 
small error ( 0-2 to 0-5 percent due to fringing at the electrode edge ), 
when the specimen has the same diameter as the electrodes by substitution 
of the specimen capacitance by a standard capacitor in parallel. 



C, = AC - C( + C„ 



Specimen diameter equals micro- 
meter electrode diameter. Elec- 
trodes attached to the specimen 
are of zero thickness. 



C«= calibration capacU 
tance of the micro- 
meter electrodes at 
spacing s, restoring 
balance after remo- 
val of the specimen 

Ct= calibration capaci- 
tance of the micro-, 
meter electrodes at 
spacing t 

Cor=air capacitance for 
or the area between 
the micrometer 
electrodes which 
was occupied by the 
specimen, at spa- 
cing r ort respec- 
tively, calculated 
using equation lof 
Appendix A 

r = thickness of speci- 
men and applied 
electrodes 

t = thickness of speci- 
men 



-•ot 



«n 



Relative Permittivity ft 

c J""- T 



B-2. CALCULATION OF RELATIVE PERMITTIVITY AND DISSIPATION FACTO R F SS 
NON-CONTACTING ELECTRODES 1 



Relative Permittivity 


Dissipation Factor 


Definitions of Symbols 


(') 


(2) 


(3) 






^C - capacitance change 


1) Micrometer electrodes in air 




when specimen is 
inserted ( + when 
capacitance in- 
creases ) 
Cj= capacitance with 


lO 




1 




specimen in place 


tan S;. = tan S, + M. s,. A tan S 


c ,-tf.Cg - capacitance 
with fluid alone 


^' , AC K 




C, - vacuum capacitance 






for area considered 






(=s<,.^/A„) 


or, if h„ is adjusted to a new value h„ 




A=area of one face of 


such that 'AC=0 




specimen in square 
centimetres (or area 
of electrodes when 


h 




specimen is exactly 


^r - h~(h,~h-^) 


the same size or 






larger than the 






electrodes ) 






rfo=outer diameter of 






inner electrode 



2) Plane electrodes -fluid disp I acanait 



{cl 



"■ 1 + tan« S^ 
(C/+AC)(l+tan^8,) 



+M[C,- (C,+ AC')(l+tan2 8,)] 



} 



y, 



tan Sj; = tan Sc + M . A tan 8. 

(C/+AC)(l+tan^S,) 
+MLQ-(C>+ AC) (1 +tan=' 8JJ 



} 



When the dissipation factor of the specimen is less than about 0-1, the following 
equations may be used: 



"A^ 



Is3 



E/- C*,, + AC h 



Sr 



tan 8^ = tan 8c + M — ^ . A tan 8 



3) Cylindrical electrodes-fluid displacement (for tan 8^ less than about O'l) 



I _ AC log d^jd, 
Ci log rfj/rfj 



tan 8;^ = tan 8, + A tan 8. -^ , 
riog^/^_ ,1 

LiogrfjK U 



4) Two-fluid method-plane electrodes ( for tan 8^ less than about 0*1) 



' . 'f' + A 0:5-1^:4' "°»- = '»"*'^' + ■"^' •*'""■ 



rfi=inner diameter of 

specimen 
<f2=outer diameter of 

specimen 
d3=inner diameter of 

outer electrode 
Ao=parallel-plate spac- 
ing 
h=average thicl<ness 
of specimen 
M=A„/A-1 

log=common logarithm 
e^= relative permittivity 
of fluid at test 
temperature (= 1*00 
for air) 
So=electric constant 
rated inpF/cm 
A tan 8 -increase in dissi- 
pation factor when 
specimen is inserted 
tan 8,, = d i ssi pati on factor 
with specimen in 
place 

tan 8a=calculated dissi- 
pation factor of 
specimen 



CO 



Note — In the equation for 
the two-fluid method, subscripts 
I and 2 refer to the first and 
second fluids, respectively. 



§ 



IS : 4466- 1967 

APPENDIX C 

(Clause 9.3} 

APPARATUS 

C-l. GENERAL 

C-I.l In the methods given in C-2 to C-6 the following consideration apply. 

C-l. 2 Screening of Apparatus 

C-1.2.1 An earthed screen between two points in the apparatus removes 
any capacitance between them and substitutes capacitance to earth from both 
of them. Screening of wires and components may therefore be used freely 
in circuits in which capacitance to earth from any point is unimportant; 
the schering bridge with wagner earth, and the transformer bridge, are 
circuits of this kind. 

On the other hand, screening is unnecessary in a substitution bridge in 
parts of the circuit which remain unaltered whether the specimen is in or 
out. 

In practice these two considerations imply that leads to the specimen, 
to the oscillator, and to the detector, should be screened. As much as 
possible, the apparatus should be enclosed within a metal screen to prevent 
variation in capacitance between the observer's body ( which may not be at 
earth potential, and may not remain stationary ) and the components of the 
bridge circuit. 

C-1.2.2 For frequencies of the order of 100 kc/ s or more, 'go' and 'returns 
leads should be kept close together, so as to minimize self and mutual in- 
ductances; and if several wires are intended to be connected together, they 
should meet as nearly as possible at a single point, since the impedance of 
even a short length of wire may be appreciable at these frequencies. 

C-1.2.3 If a switch is used to disconnect the specimen, it shall be such that 
the capacitance between its contacts when they are open does not cause an 
error in the measurement. In three-terminal measuring systems this may 
be achieved either by inserting an earthed screen between the contacts; 
or by using two switches in series and, when they are opened, earthing the 
connection between them; or by earthing the electrode which would other- 
wise be left disconnected. 

C-1.3 Oscillators and Detectors for Bridges 

C-1.3.1 acVoltage Sources -The generator may be any source of power 
capable of supplying the necessary voltage and current with a total harmonic 
content of less than 1 percent. 
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C-1.3.2 Detectors — The following forms of detector are available. All 
may be used with an amplifier to increase the sensitivity: 

a) Telephone ( with frequency changer, if necessary); 

b) Electronic voltmeter or wave analyser; 

c) Cathode-ray oscillograph; 

d) ' Magic eye ' tuning indicator; and 

c) Vibration galvanometer ( for low frequencies only ). 

A transformer may be needed between bridge network and the detector, 
either to match their impedances or because either side of the bridge output 
is grounded. 

Harmonics may obscure or change the balance-point. This trouble 
may be avoided either by tuning the amplifier or by introducing a low- 
pass filter. A discrimination of 40 dB against the second harmonic of the 
measuring frequency is adequate. 

C-ZSCHERING BRIDGE 

C-2.1 The schering bridge represents the most classical device for the 
measurement of permittivity and dielectric losses. It, is used in the frequency 
range from below power frequencies ( 50 and 60 c/s ) up to the order of 
100 kc/s and for capacitances of 50 to 1 000 pF ( usual capacitances of spe- 
cimens or equipment to be tested ). 

C-2.2 Description — it is a four-arm network ( Fig. 6 ),two of these arms 
being primarily capacitive ( the unknown capacitance Cx and a capacitance 
CVwithout losses ) and the two others ( often called measuring arms ) 
consisting of non-reactive resistances R^ and R2, the resistance {R,) opposite 
to the unknown capacitance Cx , at least, being shunted by a capacitance 
(Cj). This last capacitance, and generally one at least of the two resistances 
)?! and R2 are adjustable. 

Ifonc chooses for the capacitance Q- the equivalent representation of a 
resistance Rs and a ( pure ) capacitance Cs in series, the balance of the 
bridge illustrated in Fig. 6 leads to: 

Cs^Cj,^ (18) 

and tan 8^ = uQ Rs = oiCj R^ B 

If the resistance R^ is shunted by a capacitance C,, the expression for 
tan S becomes 

tanSA-=wCi Ri— «Q R^ (20) 
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Fig. 6SCHERING Bridge Circuit Diagram 



C-2.3 The practical realizations of the bridge differs appreciably according 
to the frequency range. This is a result of the fact that a capacitance of 50 
to 1 000 pF represents an impedance of about 60 to 3 megohms at 50 c/s 
and only about 30 000 to 1 500 ohms at 100 key s. 

In the latter case, the four arms of the bridge may easily have impe- 
dances of the same order of magnitude, while this will never be the case at 
frequencies of 50 or 60 c/s. Thus two different types of bridges for use at 
low and at { relatively ) high frequency may be distinguished. 

C-2.4 This will normally be a high voltage, not only for reasons ofsensitivity 
but also due to the fact that, at low frequencies, it is high voltage technology 
which is nearly exclusively interested in the problem of dielectric losses. 
The very great difference in the order of magnitude of the impedances bet- 
ween the so-called capacitive and measuring arms, consequently, results 
in a similar inequality in the distribution of the voltage, by far the largest 
part of it being found across the capacitances Cx and Cjv. The balance 
conditions given above are only valid if the low voltage elements are screened 
from the high voltage elements, this screening shall be earthed in order to 
secure the stability of the balance. As Fig. 7 shows, the screening is com- 
patible with the use of guarded capacitances Cx and Cj^, the guard for C 
being practically indispensable. 

The choice for the earthing procedure substantially leads to two types 
of bridges. 

C-2.4.1 Simple Schering Bridge with Screening-Point B of the bridge 
( supply terminal of the bridge on the side of the measuring arms ) is connec- 
ted to the screening and to earth. 

The screening acts well as a protection towards the high voltage side 
but it increases the capacitance between it and the various conductors leading 
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8 

Fig. 7 Schering Bridge with Wagner Earth Circuit 

to the terminals M and N of the detector arm, this capacitance being sub- 
jected to the voltage across the measuring arms. This may introduce an 
error which normally limits the accuracy on tan S to the order of 0*1 percent, 
especially when capacitances C^- and C^s are unequal. 

C-2.4.2 Schering Bridge with Wagner Earth Circuit — In the bridge shown in 
Fig. 7 the detector arm and the screening are brought to the same potential. 
This is secured by using additional external arms ^a and <^b ( wagner 
earth circuit ) and the intermediate point P being connected to the screening 
and to earth. The additional arms ( practically ^s) are adjusted in order 
that the voltages across Za and Zb are identical to these across the capacitive 
and measuring arms of the bridge respectively. It is obvious that the solu- 
tion consists in the simultaneous balance of two bridges, the main bridge 
AMNB and the auxiliary bridge AMPB ( or ANPB ). The double balance 
is reached by successive approximations, the detector being displaced from 
one to the other bridge. With this method, one order of magnitude may 
be gained on the accuracy, which is now in practice only limited by the 
precision of the elements used for the bridge. 

It may be noted that the particular solution which has been considered 
requires that both terminals of the supply may be insulated from earth. I f 
this is not possible, the use of a more complex arrangement is required 
( bridge with double screen ). 

C-2.5 Schering Bridge for High Frequencies — This bridge is normally 
operated with moderate voltages and is thus more flexible; the capacitance 
Cjv- very often is adjustable ( while for high voltages, this capacitance is 
ordinarily of fixed value ) and substitution methods may be more easily 
adopted. 

Screening and wagner earth circuit may still be used with advantage as 
undesirable capacitive effects increase with the frequency. 
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C-2.6 Detectors — When point B of the schering bridge is earthed, de- 
tectors with asymmetrical input ( which are most common with electronic 
de/ices ) shall be avoided. 

Such detectors, however, are readily used with bridges with a wagner 
earth circuit provided that the earthed input terminal be always connected to 
point P. 

C-3. TRANSFORMER BRIDGE ( INDUCTIVE RATIO-ARM 
BRIDGES ) 

C-3.1 The great advantage of the transformer bridge over the schering bridge 
is to allow a direct and rational earthing of the screens and guard electrodes 
without any need of additional auxiliary arms. 

C-3.2This bridge is based on a simpler principle than the schering bridge. 
Its fundamental arrangement is given in Fig. 8. When balanced, the ratio 
between the ( complex ) impedances JZ<x and ^m is identical to the ( vector ) 

ratio of voltages f/i and U^. If this last ratio be known, then J^x is readily 
derived from the knowledge of ^a./. In the ideal bridge, this ratio UJUf 
is a pure number k and thus ^x=k^M; in particular, the argument of 
^j^ yields directly 8 X. 

C-3.2.1 The bridge is used from power frequencies up to radio frequendes 
of several tenths of Mc/s; this range is thus wider than the previous one for 
the schering bridge but, again, the realization will differ appreciably ac- 
cording to the frequency range involved. 




Fio, 3 Transformer Bridge Circuit Diagram 
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€-3.3 Low Frequency 1 ransformer Bridge — This is a liigh voltage 
bridge! moreprecisely, the voltage iT^ is high while the voltage Us remains 
moderate) and its technique is related to that of voltage transformers. 

c- 3.3.1 Methods of Supply — Two methods of supply are used: 

a) The supply voltage is directly applied to one of the windings, 

the other working as the secondary of a transformer, and 
b)Thesupply voltage is applied to a separate primary winding while 
both windings of the bridge itself constitute either two separate 
secondary circuits or a single secondary winding with an inter- 
mediate tapping allowing both voltages U^ and Ustc be obtained 
(see Fig. 8). 

C-3.3.2 Calibration — As with any measuring transformer, the bridge 
shows errors ( that is, the vector ratio t/i/C/, differs from its theoretical value ) 
and these errors are load dependant. The most important is the phase 
error between voltages C/jand U^ which influence directly the measurement 
of tan 8. It is thus necessary to calibrate the bridge. It is done by repladng 
^x by a capacitance Cj^ without losses ( similar to that used in the schering 
bridge ). If C^- has the same value as Cx, the method is practically a subs- 
titution and the calibration is immediate. But, as C/f is seldom adjustable, 
such a calibration would not remain valid for Cx on account of the load 
variation. It is then possible to operate under constant load ( see Fig. 9 ). 
A switch connects Cx to earth when Cjf is measured and vice versa. The 
constant load for the high voltage winding is then the sum of both. 
(A similar disposition should be used on the low voltage side but, because 
the loads are much smaller, such an arrangement, although easy to use, is 
less essential. ) 

C-3.3.2.1 When the calibration is made with a pure capacitance Cj^ 
connected across the voltage Ui, the measuring impedance J^m, subjected 
to the voltage i7„^., consists of eitner: 

a) a pure capacitance Cm if U^ and f/j have the same phase ( ideal case ) ; 
or 

b) a capacitance Cm and a resistance Rm, if the voltage U^ is leading 
on the voltage?/,; or 

c) in case the voltage t/g is lagging with respect to J/j, this resistance 
Rm should become negative. Therefore, in order to restore balance, 
a resistive component of the current has to be introduced on the 
sideof C/j. But, as very high and adjustable resistors for high 
voltage practically do not exist, this resistive component is usually 
obtained through an auxiliary winding supplying a voltage U^ 
(of low value ) in phase with U^ ( see Fig. 10). 

Note— The addition of a resistance in series with Cjv is impossibie for the foiiowing 
reasons: if it were inserted beiow the capacitor, the potentiais of the measuring eiectrode 
and of the guard of Cx wouid no ionger be the same; and if inserted before Cj\r on the 
high voitage conductor, the current in the resistance aiso inciudes the' guard circuit 
current and no caiibration is possibie. 

31 



IS: 4.486- 1%7 



.ypy. 







F I G. 9 Transformer Bridge Constant Load Calibration 

These remarks may also be applied to the resistance Rm mentioned 
above for the second case. But on the low voltage side, a resistance of high 
and adjustable value shunting the capacitance may easily be obtained by 
using the star connection of three resistances Ri,Rz and R' illustrated in 
dotted lines at bottom of Fig. 10. One has then: 



Ra 



Ri + Ri + 



Ri Rj 
R' 



The adjustable capacitance C'm for the measurement shall be a pure 
one or of low and well-known losses ( while the measuring capacitance Cj 
of theschering bridge does not have to comply with such severe conditions ). 

C-3.4High Frequency Transformer Bridge — Several of the previous 
considerations shall apply again but as the bridge shall normally no longer 
be a high voltage one, the arm across voltage f/, may easily admit adjustable 
elements and substitution methods, which are highly recommendable 
whenever applicable, may be readily used. 

A bridge with separate primary winding allows the source and detector 
to be interchanged and the balance corresponds to the compensation of the 
opposite ampere-turns in the secondary windings. 

C-3.5 Detectors — Due to the fact that one terminal of thedetector arm is 
always earthed, the use of detectors with a symmetrical input is not required. 
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Fig. 10 Transformer Bridge 

C-4. PARALLEL-T NETWORKS 

C-4.1 Parallel-T networks are bridge circuits in which the currents flowing 
from the oscillator to the detector through two T networks are equal and 
opposite. In such a circuit the oscillator and detector may each have one 
terminal connected to earth; and in some ofjhe possible circuits the specimen 
and each of the, variable components used for balancing also have a terminal 
connected to earth. 

C-4.2 Figure 11 shows the simplesr paralld-T circuit, using resistors and 
capacitors only. The circuit more commonly used for measurements on 
dielectrics is in principle that of Fig. 12, for which the balance conditions 
are ( with terminals X, X open ): 

^ I 1 I I ■ t (22) 



Rr\_ 



■'N 



Cb 



1 + 



-'// 



1 = 



1 

6) C^Cjy/t/p 



.(23) 



C-4.3 In practice a variable capacitor is connected to the terminals X, X 
and its capacitance Cy and conductance modify the apparent values of L 
and Rp. The circuit is balanced in this condition. Tne specimen is then 
connected to the terminals X,X, and balance is regained by varying the 
capacitances Cy and Ch. 
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Thai the capacitance of the specimen equals the decrease A^r of Cj- 
The conductance G of the speci men is: 



G = 



ACh 



and the dissipation factor tan S of the specimen: 

tans : ^-— -^^ 

where A C"// is the i ncrease of Ch 

^l-1 — w 



.(24) 
.(25) 
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Fro. 11 Parallel-T Network-Principal Circuit Diagram 



Ca 







CU- 
RT 



On 



•V 



CE 



DETECTOR 



X 
-O 



r— 

Fig. 12 Parallel-T Network-Practical Circuit Diagram 

C-4.4 These networks may conveniently be constructed for the frequency 
range of 50 kc/ sto 50 Mc/s and are easy to screen satisfactorily. A serious 
disadvantage is that the balance is strongly sensitive to frequency, so that 
harmonics of the supply frequency are badly unbalanced. To cover a wide 
range of frequencies, components shall be changed or switched. At the 
highest frequencies the impedances of connecting wires and of switches 
( if used ) may introduce significant errors. 

C-5. RESONANT-RISE ( Q,-METER) METHOD 

C-5.1 The method is based on measurement of the voltage appearing across a 
resonant circuit when a small known voltage is induced in it. 
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C-5.2 Figure 13 shows the usual form of the circuit, in which the resonant 
circuit is coupled to the oscillator by means of a common resistance R. 
Other methods of coupling are equally acceptable. The input voltage or 
current is adjusted at the required frequency, to a known value; the resonant 
circuit is tuned to its maximum response, voltage V^ is observed. The 
specimen is then connected to the appropriate terminals, the circuit brought 
again to its maximum response by adjusting thevariablecapacitor, and the 
new value of voltage, V^, is observed. 

When the specimen is connected and the circuit re-tuned, the total 
capacitance remains nearly constant, provided that R^G <l{seeF\q. 13). 
The capacitance of the speci men is therefore approxi mately A C, the change 
of capacitance of the variable capacitor. 



The dissi pation factor of the speci men is approxi mately 

AC [d, do ) 

where 



tanS » 



.(26) 



Cf is the total capacitance in the circuit including that of the 
voltmeter and the self-capacitance of the inductor, and 

Q.1.Q.9 SI'S the values of Q respectively with and without the 
speci men connected . 




Fig. 13 Circuit Diagram for Resonant-Rise ( Q-Meter ) Method 

C-5.3 The main sources of error in the method are in the calibrations of the 
two indicating instruments and intheunwanted impedances introduced in 
the wiring, especially between the variable capacitor and the specimen. 
For high values of dissipation factor the condition Ri,G< 1 may not hold, 
and the approximate equation quoted above then fails. 

C-5.4 The resonant-rise (Q,-meter) method is used in the frequency range 
10kG'sto260Mc/s. 
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C-6. SUSCEPTANCE VARIATION METHOD ( REACTANCE- 
VARIATION METHOD ) 

C-6.1 General ■■ The micrometer electrode system as shown in Fig. 2 was 
developed by Hartshorn to eliminate the errors caused at high frequencies 
by the series inductance and resistance of the connecting leads and of the 
measuring capacitor. It accomplishes this by using a coaxial go-and-return 
path to the specimen, and by maintaining these inductances and resistances 
relatively constant, whether the test specimen is in or out of the circuit. 

C-6.2 M ethod ■■ In this method., the specimen which is either the same size 
as, or smaller than, the electrodes is clamped between the electrodes. Unless 
the surfaces of the specimen and electrodes are lapped or ground very flat, 
metal foil or its equivalent shall be applied to the specimen before it is placed 
in the electrode system. Upon removal of the specimen, the electrode 
system may be made to have the same capacitance by moving the micro, 
meter electrodes closer together. 

C-6.2.1 When the micrometer electrode system is carefully calibrated for 
capacitance changes, its use eliminates the corrections for edge capacitance, 
ground capacitance, and connection capacitance. A disadvantage is that 
the capacitance calibration is not as accurate as that of a conventional 
variable multiple plate capacitor, and also it is not direct reading. However, 
at frequencies below 1 Mc/s, where the effect of series inductance and re- 
sistance in the leads is negligible, the capacitance calibration of the micro- 
meter electrodes may be replaced by that of a standard capacitor in parallel 
with the micrometer electrode system. The change in capacitance with the 
specimen in and out is measured in terms of this capacitor. 

C-6.2.2 The specimen is first clamped between micrometer electrodes and 
the network used for measurement, is tuned. The specimen is then removed, 
and the total capacitance in the circuit is restored to its original value 
either by moving, the micrometer electrodes closer together or by readjusting 
the standard capacitor. 

Capacitance Cp of the specimen is calculated according to Appendix B. 

The dissipation factor 

tan Si = ( ACi - AC, )/2 Cp (27) 

where AQ and A^^ are the relevant differences of the two capacitance 
readings at both sides of the resonance setting of the variable capacitor 
iV/g ( see Fig. 2 ), the specimen being in place or removed respectively, 
yielding voltages at the detector input according to \/2/2 of the 
relevant resonance voltages. Care is to be taken that the test fre- 
quency remains unchanged during this procedure. 

NoTB — The resistance of the electrodes applied to the specimen becomes appreciable 
at high frequencies and causes a spurious increase in dissipation factor if the specimen 

36 



IS 1 4486 - 1967 

is not flat or of uniform thicl<ness. The frequency at which this becomes noticeable 
depends on the surface flatness of the specimen, but it may be as low as 10 Mc/s. 
Additional measurements of capacitance and dissipation factor shall therefore be made 
at frequencies of 10 Mc/s and upwards on the specimen with no electrodes. If Cw and 
tan Sware the capacitance and dissipation factor of the specimen with no electrodes, 
the true dissipation factor is 

tanS «- -^— tanSw (28) 

where C,, is the capacitance of the specimen with electrodea. 

C-6.3 A source of minor a'ror in a micrometer electrode system is that the 
edge capacitance of the electrodes, which is included in their calibration, 
is slightly changed by the oresence of a dielectric having the same diameter as 
the electrodes. 

This error may be practically eliminated by making the diameter of 
the speci men less than that of the electrodes by twice its thickness. 



APPENDIX D 

( Clause 11.3 ) 

ACCURACY TO BE EXPECTED IN THE METHODS 
OF MEASURING CAPACITANCE AND ac LOSS 

D-1, ACCURACY TO BE EXPECTED 

D-I.l The methods outlined in 9 contemplate a degree of accuracy in the 
determination of permittivity of ±1 percent and of dissipation factor 
± ( 5 percent -f 0-000 5). These accuracies depend upon at least three 
factors: 

a) The accuracy of the observations for capacitance and dissipation 

factor, 

b) The accuracy of the corrections to these quantities caused by the 

electrode arrangement used, and 

c) The accuracy of the calculation of the direct interelectrode vacuum 
capacitance ( see Appendix A ). 

D-2. ACCURACY FOR OBSERVATION OF CAPACITANCE AND 
DISSIPATION FACTOR 

D-2.1 Under favourable conditions and at the lower frequences, capadtance 
may be measured with an accuracy of ± ( 0-1 percent +0-02 pF) and dis- 
sipation factor of rb( 2 percent +0-000 05). At the higher frequencies 
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thesejimits may increase for capacitance to ± ( 0'5 percent +0-lpr) and 
for dissipation factor to ± ( 2 percent + 0-000 2 ). 

D-3. DIELECTRIC SPECIMENS PROVIDED WITH A GUARD 
ELECTRODE 

D-3.1 These are subject only to an error in the calculation of the direct 
interelectrode vacuum capacitance. The error caused by too wide a gap 
between the guarded and the guard electrodes generally amount to several 
tenths percent, and the correction may be calculated to a few percent of 
itself. The error in measuring thethickness of the specimen may amount 
to a few tenths percent for an average thickness of 1-6 mm on the assump- 
tion that it may be measured to ±0-005 mm. The diameter of a circular 
specimen may be measured to an accuracy of ±0-1 percent, but enters as the 
square. Combining these errors, the direct interelectrode vacuum capaci- 
tance may be determined to an accuracy of ±0-5 percent. 

D-3.2 Capacitance of Specimens with Electrodes Applied to the 
Surface^ Measured with Micrometer Electrodes-These need no 
corrections other than that for direct interelectrode capacitance, provided 
the specimens are sufficiently smaller in diameter than the micrometer 
electrodes. When two-terminal specimens are measured in any other 
manner, the calculation of edge and ground capacitance shall involve 
considerable error, since each may be from 2 to 40 percent of the specimen 
capacitance. With the present knowledge of these capacitances, there 
may be a 10 percent error in calculating the edge capacitance and a 25percent 
error in evaluating the ground capacitance. H ence the total error involved 
may be from several tenths to a few percent. However, when neither 
electrode is grounded, the ground capacitanceerror is greatly reduced. 

D-3.3 With Micrometer Electrodes — It is possible to measure dissipa- 
tion factor of the order of 0-03 to within ±0-000 3 of the true value and 
dissipation factor of the order of 0-000 2 to within ±0-000 05 of it. The 
range of dissipation factor is normally 0.000 1 to 0-1 but may be extended 
above 0-1. Between iO and 20 Mc/s it is possible to detect a dissipation 
factor of 0-000 02. Permittivities from I to 5 may be measured to ±2 percent 
of the true value. The accuracy is limited by the accuracy of the measure- 
ments required in the calculation of direct interelectrode vacuum capadtance 
and by errors in the micrometer electrode system. 
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